HIGH PERFORMANCE COMPUTING 


The design and development of computer architectures for rapid and efficient 
processing. Development of ways to program large systems to perform complex tasks. 

Status: 


Continuing and significant advances in the areas of software engineering, 
microelectronics, optoelectronics, data structures and algorithms, numeric and symbolic 
methods and computational science and technology have pushed computer performance to 
unanticipated levels. High performance computers can now address large numerical and 
scientific problems such as image processing, weather forecasting, hydrodynamics, 
aerodynamics, computational chemistry and high energy physics. Current problems lie in 
reliability, accuracy and automated development Software is difficult to specify and design, 
development is cosdy and time consuming and it is difficult to test for all failure modes that 
might occur during use*. 

Concurrently with advances in mainframe machines, desktop computers have evolved 
which offer performance approaching that of the mainframes of a few years ago. Networks of 
these "workstations" are creating a new working environment for technical personnel. 

Likely Scenario: 

Rapid advances in computer technology are expected to continue. The U.S.D.O.C. 
estimates a $100B world market by the year 2000*. Low cost "supercomputer modules" may 
be available within two years. Existing applications programs will be able to solve previously 
intractable problems in such areas of machine vision, product design, process simulation and 
complex numerical calculations. Given the slower pace of applications development, a 
moderate number of new solutions will be developed and applied to current problems. The 
application of real time process control will be limited by our understanding of the relationships 
between sensor information and control parameters, rather than by computational speed. NOn- 
Van Neumann (fuzzy logic, neural computing) approaches will continue to grow in importance 
as computational speed increases. While optical coupling will be necessary for high speed 
processors, optical computing (optical transform operations, optical logic) will progress slowly 
and will find its primary use in military applications. Computer aided cigarette design will 
continue to improve and will be widely available by the end of the plan period. 

Advances in desktop workstations are expected to continue, further enhancing the 
ability of technical personnel to control powerful local computing environments as well as to 
communicate with other workstations or mainframe machines. 
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Alternate Scenario: 


In principle, the field of optical computing offers extreme speed and the possibility of 
creating complex architectures with minimal crosstalk- If "conventional” architectures fail to 
continue their rapid progress, increased emphasis will be placed upon optical computing. Such 
emphasis could also result from a breakthrough in monolithic optical technology. 

R&D Response: 

The monitoring and application of technologies such as process simulation, machine 
vision, computational physics/chemistry neural simulation and artificial intelligence must be 
continued, and supported by high performance computing capability. 

A more focused approach should be taken to the definition and analysis of 
computational problems in terms of the potential benefits from their solution. The growth of 
workstation environments at R&D should be continued when their use makes "business sense." 
Additional effort should be devoted to understanding the relationships between sensor 
information and control parameters. Opportunities to apply this understanding should be 
addressed in collaboration with other departments. 

Progress in the optical processing/computing areas should be followed closely. R&D 
should maintain enough activity in these technologies to be able to quickly understand and 
implement them should the need arise. 
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